Introduction
The open-pit mining of iron ore deposits in the conditions of technogenically disturbed hydrodynamic regime is often accompanied by the formation of large volumes of open-pit mine water influxes. This fact complicates mining works and leads to the development of negative engineering-geological processes and phenomena in the sides of the open-pit mines [1 -4] . The investigation of peculiarities of the open-pit mine water influx formation has been performed for the geological and hydrogeological conditions of the Inhulets iron ore deposit, which is developed by PJSC INHZK. The total volume of groundwater influx to the PJSC INHZK open-pit mine is 510 -670 m 3 /h, including water influx from the alluvial aquifer within the eastern side of the open-pit mine, about 90 -120 m 3 /h. The development of landslide deformations and collapse phenomena in the area of occurrence of sandy-clay alluvial deposits and underlying sedimentary formations of the Neogene-Paleogene age should be distinguished among the number of consequences caused by flooding the eastern side of the open-pit mine, in particular of its north-eastern site [5, 6] .
One of the factors influencing the nature of water seepage in the north-eastern side of the open-pit mine is the location within this area of the No. 3 rock-disposal dump. It creates an additional hydro-geomechanical loading onto the rock massif near the adjacent side of the iron ore open-pit mine.
The presence of significant open-pit mine water influx in the conditions of complex geological and hydrogeological structure of the iron ore deposit, as well as the existing spatial and temporal uncertainty of groundwater influx distribution within the north-eastern side of the open-pit mine complicates the development of effective technical solutions aimed at ensuring its hydra-geomechanical stability.
In this regard, the objective of the research is to study the patterns of formation of the open-pit mine water influx and its distribution within the eastern side of the PJSC INHZK open-pit mine and its north-eastern site for substantiation of effective technical solutions in their dewatering.
The object of research is geofiltration processes within the laminal rock massif in the conditions of the existing interconnection between the system components of the 'northeastern side of the PJSC INHZK open-pit mine -No. 3 rock-disposal dump -floodplain of the Inhulets River' (Fig. 1) .
In general, the mining and geological conditions of the north-eastern side of the PJSC INHZK open pit mine are determined by the complex hydrodynamic and geomechanical interaction of the natural and technical elements of the system 'iron ore open-pit mineNo. 3 rock-disposal dump -alluvial deposits within the floodplain of the Inhulets River'. In addition, this interaction takes place in the conditions of geological environment disturbed in whole by mining works.
During the entire period of the Inhulets iron ore deposit mining, the groundwater influx into the open-pit mine was formed by drainage of the groundwater in the crystalline massif fractured zone, the terrigenous-carbonate deposits of the Paleogene-Neogene age and the quarternary alluvial aquifer of the Inhulets River floodplain.
Within the eastern side of the operating open-pit mine, the predominant share in the total volume of open-pit mine water influx belongs to the alluvial aquifer, which serves as the groundwater transit from the Inhulets River to the contour of their drainage in the interval of alluvial deposits developed by the side of the open-pit mine.
To protect the eastern side of the open-pit mine from the groundwater influx formed from the alluvial aquifer, the Inhulets River was directed and withdrawn to a distance of up to 400 m, while along the eastern side of the open-pit mine the seepage cutoff wall has been constructed. It is a polyvinyl chloride film enclosed in a trench and filled with a bentonite clay solution with a designed permeability of 0.001 m/day.
The construction of the seepage cutoff wall has provided a sufficiently effective protection of the eastern side of the open-pit mine from water seeping from the Inhulets River, as evidenced by the difference in groundwater levels recorded in the observation wells on both sides of the seepage cutoff wall. However, the effectiveness of this wall over time has been significantly reduced due to numerous its discontinuity. 
Modeling
In conditions of complex hydrodynamic interaction of the geotechnical systems elements, the application of mathematical model technique has become widespread in the study of geofiltration processes [3, 7 -9] .
To study the conditions of the open-pit mine water influx formation and to determine the patterns of its distribution within the north-eastern side of the open-pit mine, we have created a geofiltration model of the studied area by means of the software complex MODFLOW 2009.1. When developing this model, the actual data were taken into account: the observations of groundwater influx within the eastern side of the open-pit mine; peculiarities of the alluvial strata occurrence at the junction of the open-pit mine with the No. 3 rock-disposal dump; patterns of permeability changes of water-bearing strata within the studied area; the character of hydraulic relation between the Inhulets River and waterbearing strata, as well as the predictive infiltration recharge elevation of the technogenic aquifer in the rock-disposal dump area.
The numerical model approximates the spatial groundwater flow with constant density in a porous medium. This model is described by the partial differential equation: (1), together with the boundary and initial conditions, describes a threedimensional transient groundwater flow in a heterogeneous and anisotropic medium, provided that the main directions of the hydraulic conductivities coincide with the directions of the coordinate axes [10 -12] .
The calculation mapping of the studied area has been done in accordance with the peculiarities of the geological structure, the character of occurrence of water-bearing rocks and waterproof rocks, as well as their hydraulic properties, the existence of a hydraulic relation between the surface water and groundwater, specifics of aquifer recharge and discharge along their area and along their contours [8, 9] .
The dimensions of the simulated area have been determined within the territory of 4600 × 2400 m, respectively, in the meridional and latitudinal directions with a total area of a model of 11.0 km 2 . The simulated area is represented by a grid of blocks with dimensions of 25 × 25 m in order to approximate thoroughly the current configuration of the Inhulets River, the contour of the north-eastern side of the open-pit mine and the seepage cutoff wall, as well as of the hypsometry of rock layers and groundwater levels in the alluvial aquifer.
The model structure has an eight-layer thickness (Fig. 2) , according to the rocks stored into the No.3 rock-disposal dump, the geo-lithological structure of water-bearing deposits in alluvial aquifer, that include the Paleogene clays (later Eocene) and coal and clay strata of the middle Eocene, the lower layer of which according to the geological structure of the considered area is a fractured zone of ore-bearing crystalline massif.
As the hydrodynamic boundaries on the external contours of the model, the remote boundaries with constant recharge have been assigned, corresponding to the boundaries of the third kind (throughflow) Q = f(H), according to the general hydrodynamic scheme of the studied area.
The values of hydraulic heads on the model contours are determined from the data of exploratory drilling in accordance with groundwater elevations within the studied sites of the simulated area, and this relates to a decisive influence of geomorphological structure on its hydrodynamic regime. The water conductivity values on the external contours of the calculated layers have been determined from the averaged values of the lithological varieties permeability within separate sites of the model area and range from 3.6·10 -5 to 102.46 m 2 /day. On the contour sites of the simulated area, where the inflow/outflow is absent in accordance with the groundwater flow direction, the contours with the boundary condition of the second kind (Q = 0) have been assigned. The seepage cutoff wall (SCW) operation was simulated by setting a low-permeable 'wall' at a distance of 25 -50 m from the western bank of the Inhulets River, deepened along its entire length to the siltstone clay layer top (calculated layer 6). In accordance with the design parameters of the seepage cutoff wall, its width was assigned equal to 0.7 m with its material permeability of 0.05 m/day.
The calculated values of hydraulic conductivity, accepted in accordance with the structure of the numerical model and specified by the results of inverse problems solution, are given in Table 1 . The infiltration value within the studied area ranges from 13 to 42 mm/year [13] . At the location of the No. 3 rock-disposal dump, composed of oxidized and semi-oxidized jaspilite and overburden rocks, the infiltration recharge value was assumed equal to 50 mm/year at the stage of the inverse problem solution -taking into account the extra recharge in accordance with the recommendations for industrial areas of the mining and metallurgical complex, with the possibility of its further adjustment.
According to the calibration data, the deviation of the calculated groundwater elevations in the alluvial aquifer comparatively to the measured ones does not exceed 1.364 m (Fig. 3) . The standard error of the estimate defined by the results of performed calculations is 0.126 m. The significance of statistical estimates is characterized by a value of 2 R = 0.737 m and its standardized value of 8.126%.
In terms of considered conditions, the above estimates indicate a satisfactory convergence of the modeling results, taking into account the existing heterogeneity of the alluvial aquifer permeability and the inconstant character of the spatial occurrence of waterbearing layers and waterproof layers, separating them. 
Results
MODFLOW-simulated groundwater heads at the baseline of the rock-disposal dump and the alluvial aquifer within the studied territory, which were obtained from the inverse problems solution in accordance to the accepted hydrodynamic scheme for the period of engineering surveys are presented in Fig. 4 -6 .
According to modeling results, the formation of the hydrodynamic regime of the alluvial aquifer in the studied area occurs due to infiltration of atmospheric precipitation, lateral inflow from the watershed sites (eastern boundary of the simulated area), and inflow of seepage water from the Inhulets River; and discharge occurs by leaving the permeable rocks on their drainage contour within the eastern side of the open-pit mine.
At the same time, the seepage from the Inhulets River has the significant value for the alluvial aquifer recharge, which is located directly in the drainage zone of the open-pit mine. MODFLOW-simulated groundwater influx on the discharge contour of the alluvial aquifer is well correlated with the measured values of the groundwater influx within the eastern side of the iron ore open-pit mine.
According to PJSC INHZK data, the total groundwater influx towards the eastern side of the open-pit mine as of 2015 reached 90 -120 m According to modeling results, the total groundwater influx value at this site is 34.6 m 3 /h, which is consistent with the groundwater influx in situ observations -the visually estimated groundwater influx value within the mentioned axes is in the range of 33.0 -56.0 m 3 /h. As defined by the modeling results, the presence of a local zone for descending discharge of the alluvial aquifer into the fractured zone of the underlying parent rock, is characteristic for this site. This fact is evidenced by the surface-level deformations of the alluvial aquifer, which are confined to the areas with lower elevations of the clay layer top.
Relatively The groundwater influx distribution within the open-pit eastern side indicates that influx values depend on the bottom hypsometry of the heterogeneous gravel sands, lying on the eroded surface of Paleogene clay, the presence and distribution of waterproof alluvial clay layer in the roof of the gravel sand, the hydraulic permeability of them at particular sites of the Inhulets River floodplain and the infiltration value of the alluvial aquifer recharge both within the floodplain and at the site of the №3 rock-disposal dump location.
According to the modeling data, it has been found that the presence of strata with reduced hydraulic permeability at the base of the No.3 rock-disposal dump in conditions of increased infiltration recharge leads to the water-saturated zone formation in the lower range of the rock dump with the general direction of its surface slope towards the southwest and south-east and with the absolute elevations of 24.1 -31.4 m.
With the value of infiltration recharge within the rock dump of 50 mm/year, the groundwater influx values from the technogenic horizon on the contour of the open-pit mine in the range of s.a. 54 -82 reach 28.27 m 3 /day (1.2 m 3 /year).
Conclusions
When carrying out the research, a spatial geofiltration model has been developed of the eastern side of the PJSC INHZK open-pit mine and its north-eastern site, which, in accordance with the general hydrodynamic scheme, represents the main patterns in the recharge and discharge of the alluvial aquifer formed within the studied area. The main patterns that we have taken into account are the constant recharge of the alluvial aquifer by the seepage water of the Inhulets River and the additional infiltration recharge from the No. 3 rock-disposal dump located within the floodplain, in the zone where the alluvial aquifer is drained by the eastern side of the open-pit mine.
